Introduction

22
The pretreatment step, in which lignin is dissociated from cellulose, is the key to 23 economic conversion of lignocellulosic biomass to liquid biofuel (Agbor et al., 2011) . The 24 most important factor in the choice of pretreatment technology is therefore how efficiently 25 the lignin is solubilised or otherwise rendered innocuous towards the enzymatic 26 depolymerisation of cellulose. However it is widely agreed that the economic viability of 27 biofuel production will depend on adding value to the by-products, including lignin. Efficient 28 solubilisation will then improve the yield of both the primary fuel product and the lignin as a 29 secondary product, but it is necessary to ensure that the quality of the lignin is not degraded.
30
The best prospects for adding value to lignin are through its conversion to aromatic fine For efficient delignification it is necessary, although not sufficient, to maximise the aryl- 
49
The experiments on poplar wood that we describe here were focused on the optimisation preserved. AFEX pretreatment of corn stover at 130°C, which retained the lignin in the 61 residue, altered its structure only to a moderate extent (Chundawat et al., 2011 Hybrid poplar sawdust was provided by a UK sawmill. The sawdust was sieved and 79 the particle size range from 125µm to 1080 µm was used. The dry matter content of the 80 sawdust was 92.6 %. All reagents and solvents were purchased from Sigma-Aldrich and used 81 without further purification.
82
The poplar sawdust was subjected to batch and percolation (continuous) ammonia The percolation device, inspired by previous works, is illustrated in Fig. 2 
Extracted lignin recovery
146
The liquor was reduced in pH to 7-8 by evaporation of the ammonia and then acidified to pH 147 2 (HCl 2M). After leaving overnight at 4 °C, the precipitate was recovered by centrifugation, 148 washed three times with HCl at pH2 and freeze dried. 
Analytical Methods
161
Moisture content was determined after oven drying at 105˚C for 16h. Polysaccharide 162 composition was determined after two-step hydrolysis (Remond et al., 2010) . Acid insoluble lignin was determined by a two-step acid hydrolysis (Monties, 1984) .
164
Monosaccharides were derivatised for GC as described (Blakeney et and is consistent with the higher lignin content in the residue from the pretreatment step. were separated by GPC. Fig. S1 shows that the yield of low-molecular (dp1, dp2) 
231
The Syringyl/Guaiacyl ratio of the extracted lignin was 2.2 and 1.9 respectively for As illustrated in table 2, the recovery i.e. the fraction of the solubilised lignin that was 288 subsequently precipitated, increased from 14% to 53% as the ammonia concentration was 289 increased from 2.5% to 15% w/w, and then was stable up to 25% w/w ammonia. The low
290
yield of lignin at low ammonia concentrations was due to both reduced solubilisation, and In a profitable biorefinery, cost-effective biofuel production needs to be combined with 
